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DEODORIZING EXPERIMENTS WITH ION EXCHANGE RESINS*
KIMIO IKAI, M.B.
In a previous report (1), the differences in the carbon number of the lower fatty
acids contained in cutaneous secretions such as axillary sweat, smegma, and
dandruff, were considered as factors responsible for the difference in odor be-
tween osmidrotic and non-osmidrotic subjects. Besides these there are ammonia
constituents and volatile salts (trimethylamine, methylamine) which may take
part in causing the axillary odor. The musklike odor of sweat is said to be due to
saturated keton and indole, and the odor of feces to fatty acids, indole, skatole,
methylmercaptan, hydrogen sulfide, etc.
Martin and Alpert (2) demonstrated that endogenously produced skatole and
indole were adsorbed by polyamine anion exchange resins. Employing Amberlite
XE-64, and XE-87, Thurmon and Ottenstein (3) succeeded to take up lactic
acid, ammonia, and urea of sweat in vitro and suggested the possibility of taking
off the offensive odor of sweat by these materials.
It seems therefore quite possible that the scent-substances mentioned above
can be adsorbed by ion exchange resins and consequently that the osmidrosis may
be treated by making use of appropriate resins. The adsorptive power of various
ion exchange resins was first tested with fatty acids, ammonia, and indole; then
their deodorizing effect was examined with feces, urine, and osmidrotic sweat
in vitro. As favorable results were obtained, various kinds of preparations of
ion exchange resins were manufactured, and their deodorizing effects were ob-
served on subjects with osmidrosis.
MATEEIALS
The following resins were used: Amberlite IR-112, IR-120, IRC-50, XE-64, XE-98 (IRA-
411), IR-4B, IRA-44J0, and IRA-410 prepared by Rhom & Haas Co., Stomaresin of Nikken
Institute and Inoresin of Sanwa Junyaku Co. (XE-58), Diaion BK and Diaion A of Mitsu-
bishi Kasei Co.
The anion exchangers in the OH type (Amberlite IR-4B, Stomaresin) were purified by
thorough washing in distilled water; those in the Cl type (Amberlite XE-98, IRA-400,
IRA-410, Diaion A) were first treated with NaOH and after transformation into the OH
type they were washed with water and dried.
The cation exchangers in the H type (Amberlite IRC-50, XE-64) were similarly washed
in water; those in the Na type (Amberlite IR-112, IR-120, Diaion BK) were treated with
HC1 and after transformation into the H type, they were washed in water and dried. The
majority of these resins used in vitro experiments were grains of 16 to 50 meshes except
Amberlite XE-64, Stomaresin, and Inoresin, but in the experiments on subjects they were
used as fine powders of 200 to 400 meshes prepared by means of a ball mill.
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TABLE 1
Ad8orpf ion for acetic acid
Control: 10 ml. of Mol/lO acetic acid 8olution
Amount of Resin (gm.) 0.01 0.05 0.1 0.5
Anion Exchange Resin Amount Adsorbed (per cent)
Axnberlite XE-98
Ainberlite m-4B
Inoresin (XE-58), powder
Stomaresin (XE-58), powder
Amberlite IR.A-400
Amberlite IRA-410
Dia-ion A
0.2
9.2
(89.5)
(89.0)
0.1
0.1
2.3
5.5
25.7
(91.7)
(91.5)
3.8
2.8
10.0
20.0
45.5
(94.3)
(93.9)
15.0
9.4
20.0
50.0
99.6
(99.6)
(99.7)
55.0
46.8
88.0
I-
0
A
IRA400
XE -
I RA-lqo
AMOUNT OF RESINS (Gm.)
Fia. 1. Adsorption of acetic acid with anion exchange resins
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EXPERIMENTS IN VITRO
Ad8orption test8
Acetic acid (C2). Into Erlenmeyer flasks was placed 10 ml. each of Mol/lO
acetic acid solution, and into each of them were added anion exchangers in
amount of 0.01, 0.05, 0.1, or 0.5 g. After thorough shaking, they were allowed to
settle for a certain period of time, and supernatant or filtrate was examined for
the amount of acid adsorbed by titration with NaOH. The results are shown in
table 1 and figure 1. It will be seen that Amberlite XE-98, IRA-400, and IRE-410
adsorbed 50 per cent of the acid and that Diaion A, Stomaresin and Inoresin
(XE-58) adsorbed almost 100 per cent, with 0.5 g. of the respective exchangers.
Of course the amount of adsorption and the time required for it varied consider-
ably with the size of the grain of resin. A full adsorption took place almost
instantly when fine powder was used.
Fatty acids (C1 to C.). As the fatty acids above caproic acid are poorly soluble
in water, formic acid (Ci), acetic acid (C2) propionic acid (C3), butyric acid (C4),
valeric acid (C.), and caproic acid (C,) were used and prepared in solutions of
Mol/100, and 10 ml. of these were treated with 0.05 g. each of the anion ex-
changers. After thorough shaking they were left to stand for a certain interval
of time, and the degrees of adsorption were estimated. The results are indicated
in table 2. It will be seen that the greater the ionization constant of fatty acids,
the greater the adsorption was.
Ammonia. 10 ml. of Mol/lO NH4OH solution were mixed with 0.01, 0.05,
0.1, and 0.5 g. of the cation exchangers, and titrated with HCI for testing ad-
sorption. The results are shown in table 3 and figure 2. Most of the cation ex-
changers showed 80 to 100 per cent adsorption with 0.3 to 0.5 g.,, but Amberlite
IRC-50 and XE-64 adsorbed nearly the same amounts with 0.1 to 0.2 g.
Indole. Since indole is arnphoteric, it can be adsorbed by both cation and anion
exchangers. It is poorly soluble in water and a Mol/1000 solution is almost in a
state of saturation. Hence 10 ml. of Mol/1000 solution were mixed with 0.01,
TABLE 2
Adsorption for various fatty acids (C,—C,)
Control: 10 ml. of Mol/100 lower fatty acid solution
Anion Exchange Resin Amberlite
XE-98
Amberite
IR-4B
Amberlite
IRA.400
Aniberlite
IRA41O
Dia-jon
A
Amount of Resin (gni.) 0.05 0.01 0.05 0.05 0.05
Lower Fatty Acid
Amount Adsorbed (per Cent)
Dissociation constant
C1
C,
C,
C4
C,
C,
2.10 X 10_'
1.81 X 10—'
1.50 )( 10'
1.32 X 10'
1.56 X 10'
1.40 X 10'
64.1
63.5
60.3
52.0
56.0
62.1
98.0
87.1
85.3
81.0
81.5
85.5
48.0
43.6
42.7
40.5
40.5
42.8
26.6
25.8
25.8
24.5
26.0
29.0
87.0
86.1
84.2
85.0
78.0
63.0
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TABLE 3
Adsorption for ammonia
Control: 10 ml. of M/10 NR4OH solution
Amount of Resin (gm.) 0.01 0.05 0.5
Cation Exchange Resin Amount Adsorbed (per cent)
Amberlite IR-112
Amberlite IR-120
Amberlite IRC-50
Amberlite XE-64
Dia-ionBK
1.0 18.0
1.7 16.1
8.4 44.0
13.8 45.5
1.6 15.0
32.9
32.0
81.1
84.0
31.4
99.8
98.8
99.8
100.0
98.6
'—I
I
100
XE -
IRC -SOJR-liz
1R- 120
BK
4'0
30
0.01 QOS 0.1 as
AMOUNT OF RESINS (Gm.)
Fm. 2. Adsorption for ammonia with cation exchange resins
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TABLE 4
Adsorption for indole
Control: 10 ml. of Mol/1000 indole solution
Amount of Resin (gm.) 0.01 0.05 0.1 0.5
Cation Exchange Resins Amount Adsorbed (per Cent)
Amberlite IR-112 40.0 56.8 66.1 89.2
Amberlite IR-120 42.3 56.0 76.5 91.7
Amberlite IRC-50 0.5 15.8 18.4 46.4
Amberlite XE-64 9.1 15.0 19.4 38.5
Dia-ion BK 43.9
33.3
70.0
50.0
90.0
65.5
98.5
97.4
Anion Exchange Resin
Amberlite XE-98
Amberlite IR-4B 51.2 65.5 71 .4 81.8
Amberlite IRA-400 23.8 45.0 58.9 92.9
Amberlite IRA-410 33.3 57.0 66.7 80.0
Dia-ionA 16.7 27.9 40.0 82.9
0.05, 0.1, and 0.5 g. of the cation or anion exchangers, and the supernatant or
filtrate was treated with sodium nitroprusside and NaOH. The color reaction
resulting was examined with a colorimeter to determine the amount of indole
adsorbed. Most of the exchangers showed 80 to 100 per cent adsorption with 0.5
g., and Amberlite IRC-50 and XE-64 showed only 40 to 50 per cent. Table 4
and figure 3 show the results obtained.
NaC1. When ion exchangers are applied to the living body, the problem arises
as to how the neutral salts are exchanged and adsorbed. With NaCI, the following
reactions can be expected:
R—SO3H + NaC1 R—SO3Na + HCl
R—NH3OH + NaC1 R—NH3C1 + NaOH
It will be seen that cation exchangers produce HC1, and anion exchangers
NaOH. Hence into 10 ml. of N/10 NaC1, was added respectively 0.01, 0.05, 0.1,
and 0.5 g. of H type cation and OH type anion exchangers and the amounts of
acid or alkali resulting were estimated. The results are indicated in table 5.
It will be considered that, when cation and anion exchangers are mixed, the
resulting acid or alkali are adsorbed according to the following equation:
R—N113011 + HC1 R—NH3C1 + 1120
R—SO3H + NaOH R—SO3Na + 11O
From the above it may be presumed that the normal level of pH of the skin
can be maintained by using jointly cation and anion exchangers.
On the other hand, the Na type cation exchangers and Cl type anion exchang-
ers, which are produced, may show adsorbing capacity for indole, similar in
degree to that seen with H type cation and OH type anion exchangers.
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1o
I
Deo&rization arid decolorizaf ion te8ts
Fecea and urine. Into 10 ml. of filtrates of feces diluted 10 times and raw urine
(undiluted) were added cation and anion exchangers by themselves or in com-
bination, in amounts of 1 g. Immediately after or after a certain interval of time,
the filtrate was examined for color and odor, judgment being given by three to
live investigators with normal olfactory sense. The results were graded roughly
on a scale of — to +++ and shown in table 6.
As can be seen from this table, both the decolorant and deodorant effects
vary considerably in different resins and these two effects are not always in ac-
cordance. When cation exchanger alone was used, it gave off an acid odor and
/00
70
60
BK
XE—N
igA-qooIg—j 20
AiR -IRA -
1 RC -50
XE 6L
0.01 0.05 0.1
AMOUNT OF RESIN,S
FIG. 3. Adsorption for indole with anion and cation exchange resins
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TABLE 5
Amounts of acid or alkali produced by exchanging for NaC1
Control: 10 ml. of N/1O NaC1 solution
Amount of Resin (gm.) 0.01 0.05 0.1 0.5
Cation Exchange Resins Amount of HC1 (per cent)
Amberlite IR-112
Amberlite IR-120
Amberlite IRC-50
Amberlite XE-64
Dia-ion BK
1.2
2.4
0.2
0.3
1.2
5.2
11.0
0.3
0.5
4.4
12.4
20.0
0.4
0.6
8.2
40.8
57.0
1.4
0.9
29.2
Anion Exchange Resins Amount of NaOH (per cent)
Amberlite XE-98
Amberlite IR-4B
Amberlite IRA-400
Amberlite IRA-410
Dia-ionA
0.1
3.5
0.3
0.1
0.2
3.3
6.6
2.9
2.1
1.3
7.9
9.3
8.3
3.9
2.3
33.0
12.7
24.6
8.3
6.6
with anion exchanger alone an alkaline odor. These odors were absent when
both the exchangers were used together. Generally speaking, Amberlite XE-98
and IR-4B were most effective in both the effects and Amberlite IR-112 showed
an effective decolorization while it had almost no power to deodorize.
Axillary sweat. Odoriferous substances were extracted by ether from axil-
lary sweat collected in gauze pads placed on the armpits of osmidrotic patients
TABLE 6
Deodorization and decolorization of the feces and the urine
Control: Feces, 10 ml. of filtrate (10:1); urine, 10 ml. of raw urine
Amouna of Resin, 1 gm.
Color (+++) Odor (+4-+)
Feces Urine Feces Urine
Amberlite IR-112
Amerlite IR-120
Amberlite IRC-50
Amberlite XE-64
Dia-ion BK
±
++
++
+
+
±
++
+
±
+
+++ (acid odor)
+++ (acid odor)
+++ (acid odor)
++ (acid odor)
+
+++ (acid odor)
+++ (acid odor)
+++ (acid odor)
++ (acid odor)
+
Amberlite XE-98
Amberlite IR-4B
Amerlite IRA-400
Amberlite IRA-410
Dia-ion A
+
±
+++
+
++
—
d
++
+
++
—
—
+ (alkaline odor)
+ (alkaline odor)
+ (alkaline odor)
—
—
+ (alkaline odor)
+ (alkaline odor)
+ (alkaline odor)
XE-98-XE-64
IR-4B-XE-64
IRA-400-IR-112
IRA-410--XE.64
+
—
±
+
I
—
—
+
+
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TABLE 7
Deodorization of axillary sweat
Control: Solution made of ether-extract from the gauze-pads. (+)
Immediately After After 18 Hours
Amberlite IR-112
Amberlite IR-120
Amberlite IRC-50
Amberlite XE-64
Dia-ion BK
+
+
—? —?
—
—
Amberlite XE-98
Amberlite IR-4B
Inoresin (XE-58), powder
Stomaresin (XE-58), powder
Amberlite IRA400
Amberlite IRA-410
Dia-ion A
—
—
—
—
—
—?
—
—
—
—
—?
XE-98-XE-M
IR-4B-XE-64
IRA-400—IR-112
IRA-410--XE-64
—
—
—?
—?
—
—
—
—
for a period of 1 to 3 days. These were adsorbed to ion exchangers and the de-
odorant effects immediately after and after a certain interval of time were
examined. The results are shown in table 7. As can be seen from this table, most
ion exchangers showed good results, and especially almost a complete loss of
odor resulted when both ion exchangers were used jointly.
EXPERIMENTS ON SUBJECTS
The experiments were made in different seasons (from last summer to last
spring), on6l male and 90 female subjects suffering from relatively severe osmi-
drosis. The deodorant effect of ion exchange resins was tested by applying them to
the skin surface of their axillae. In the experiments during the summer, the
application was made twice a day, early in the morning and in the evening, usually
after taking a bath, thus at approximately 12 hour intervals. The applications
were made as a rule over five days in succession, and the appraisals for odor were
made before (about 12 hours after the previous application) and immediately
after each application. In the experiments during the winter and spring, only one
application was made and the appraisals for odor were made after 12, 24, 48,
and 72 hours while the subjects took no bath in the meantime. The appraisal
after 12 hours was made by some family members of the subjects at home, but
all the other tests were made in the laboratory by 2 to 3 examiners. All the
readings were graded, negative (—), slightly positive (±), and positive (+).
Experiments with powders
In the first series of experiments, most of the exchangers above mentioned
were used as fine powders prepared by means of a ball mill. The powders were
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dusted thickly over the axillary skin. When cation or anion exchanger was
used singly, acid or alkaline odor was produced, but not when both exchangers
were used together. The characteristic osmidrotic odor was entirely abolished
immediately after the dusting with all the exchangers indicated in table 7,
except for Diaion BK and Diaion A which were not used because of their dark
colors.
The deodorant effect, however, did not last long so that a slight odor could be
detected about 12 hours after dusting in 37 out of 63 cases and a strong odor in
3 cases which were examined in the midsummer. The development of odor seemed
not to depend upon the kinds of ion exchangers used, but rather on the degrees
of washing away of the powder of ion exchanger by sweating produced in the
meantime.
Experiments with topical preparations containing ion exchangers
For the purpose of abolishing axillary odor in patients, it seems most impor-
tant to have preparations containing effective ion exchangers which may adhere
to the skin of the armpit for a long period of time without causing any discom-
fort to the subject. It is desirable to use ion exchangers as colorless as possible.
The following combinations of ion exchangers were thus used: XE 98-XE 64,
IRA 410-XE 64, XE 98-JR 112, and IRA 410-JR 112.
The preparations made up with diverse vehicles, as specified in the following
descriptions, each containing one or more pairs of the above exchangers in the
strength of 20 per cent, were used for investigations. With all the preparations,
it was proved that the osmidrotic odor of the axilla was completely abolished
immediately after their applications to the axillary skin. The later readings
varied with different seasons as can be seen from table 8. (The table shows mainly
the results observed in spring.) The readings varied also with different vehicles
as shown in the following:
(1) White petrolatum. The readings after 12 hours were negative in three
cases and slightly positive in two in the spring; but in the summer two readings
proved negative and the other four slightly positive.
(2) Polyethylen glycol ointment (P.E.G.-400 50 per cent, P.E.G.-4000 50
per cent). The readings after 12 hours were negative in all five cases in the spring;
and eleven negative and eight slightly positive in the summer.
(3) Emulsion made with 5 grams of polyethylenglycol-400-monostearate, 15
ml. of polyethylenglycol-400 and 80 ml. of water. The readings after 12 hours
were negative in four cases and slightly positive in one in the spring; and negative
in four and slightly positive in four in the summer.
(4) 1 to 2 per cent emulsion made with Tween or Span. Three readings after
12 hours negative and two slightly positive in the spring, and six negative and
four slightly positive in the autumn.
(5) Emulsion made with 18 per cent of stearyl alcohol, 42 per cent of white
petrolatum, 1 per cent of Tween-80, 1 per cent of Span-80 and 38 per cent of
water. The readings after 48 hours were slightly positive in four cases and positive
in one in the spring; and five negative and two slightly positive in the winter.
(6) 1 to 2 per cent solution of methyl cellulose (MC) or carboxyniethyl cellulose
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TABLE 8
Deodorizing experiments on subject8 with preparations of ion exchange resins (in spring)
Vehicle
Appraisement for the Preseace of the Axillary Odors After AppUcations
After 12 bra. After 24 bra. After 48 bra. After 72 bra.
1. White Petrolatum 3(—) 2(±)
2(—) 4(k)
{ in summer
2(—) 3(±) 2(±) 3(+) 1(±) 4(+)
2. P.E.G.-Ointment 5(—)
f1(—) 8(±)
in summer
3(—) 2(±) 3(±) 2(+) 5(+)
3. P.E.G.-4IO, 4(—) 1(±) 2(—) 2(±) l(+) 2(±) 3(+) 5(+)
P.E.G.-monostearate 4(—) 4(±)
in summer
4. Tween-80, 3(—) 2(±) 1(—) 3(±) l(+) 2(±) 3(+) 5(+)
Span-80 6(—) 4(±)
in autumn
5. White Petrolatum, 5(—) 4(—) 1(±) 4(k) 1(+) 2(k) 3(+)
Stearyl Alkohol,
Tween, Span.
(5(—) 2(±)
in winter
6. Methyl Cellulose 5(—) 3(—) 2(±) 3(±) 2(+)
(5(_) 3(h)
in winter
5(+)
(CMC). The readings after 48 hours were slightly positive in three cases and
positive in two in the spring; and five negative and three slightly positive in the
winter.
The adhesive force of the preparation made with petrolatum was high, but
deodorant action of the ion exchangers was not rapidly exhibited probably owing
to the hydrophobic nature of petrolatum, apparently blocking the infusion of
sweat.
Since surface active agents such as polyethylen glycol, Tween and Span are
hydrophilic and nonionic, they are not adsorbed to the ion exchangers. Hence
there should be no lowering of ion exchange action. Besides, they may increase
the ion exchanging effect by their surface activities such as penetration and
dispersion. But the adhesion of the preparations is not so strong as in the case
of petrolatum. This may be regarded as a drawback of the preparations made with
vehicle 2, 3, and 4.
An intermediate type of vehicle was therefore prepared with white petrolatum,
stearyl alcohol, Tween-80 and Span-80. With this vehicle, a deodorant effect
lasting 1 to 3 days could be observed provided that the subject did not take a
bath in the meantime.
Mucilages such as methyl cellulose or carboxymethyl cellulose have strong
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surface activities, while they are capable of keeping the resins on the skin surface
for a period of 1 to 3 days by their adhering nature.
Hydrophilic vehicle containing sodium lauryl sulphate are not suitable, since
Na ions are adsorbed to the resins, resulting in disturbance of both emulsion and
ion exchanging action.
On survey of the above results, those given in 5, 6, and 2 can be regarded as
the most favorable vehicles.
DISCUSSION
It may be presumed that fatty acids are adsorbed to anion exchangers, am-
monia to cation exchangers and indole to either of these two. That this assump-
tion holds was shown by the experiments described above. In human secretions
there may be many other substances producing odor. But the experiments with
feces, etc. indicate that such substances, if there are any at all, can be taken up by
adsorption and turned scentless when ion exchangers are correctly used.
Effective ion exchange resins may successfully be used for the abolishment
of osmidrotic odor. For manufacturing preparations of practical use, nonionic
substances with high surface activity are suitable to use as vehicles. In recent
experiments observing the activity of cation exchange resins mixed with various
bases, Jurist (4) concluded that hydrophile or water soluble vehicles are superior
to petrolatum base in rapidity of ion exchanging. Though this is confirmed by
the results of the experiments on subjects above mentioned, it is also regarded
that petrolatum, a hydrophobic base, is helpful to lengthen the adhesion to the
skin.
The mechanism of deodorant action of ion exchangers may be interpreted
as follows: (1) Purified ion exchange resins are not soluble in water and have no
astringent action as is the case with aluminum salts. Prevention of sweat secretion
is therefore not the cause for deodorization of the ion exchangers.
(2) It has recently been demonstrated by Shelley, Hurley and Nichols (5)
that human apocrine sweat is odorless and sterile when it initially appears on the
skin surface and that its acrid odor is only developed by the action of micro-
organisms. They have also succeeded to prevent odor from development on the
axilla for more than 18 hours by mechanical cleansing and washing with antisep-
tics. There are several reports concerning the antiseptic and bacteria-adsorbing
actions of ion exchange resins (6, 7, 8, 9). One may therefore imagine that the
deodorant effect of the ion exchangers is partly due to its germicidal action. In
Shelley et al.'s experiments, however, it has been demonstrated that the anti-
odorant effect of antiseptics is decidedly less in vivo compared with that in vitro
experiments, even when they used highly active antiseptics. It seems therefore
plausible to conclude that deodoration by the antiseptic action of ion exchangers
is little if there is any at all.
(3) According to Thurmon and Ottenstein (3), pH of sweat over the skin
may be kept normal for long time when ion exchangers are used. The growth of
bacteria over the skin may be promoted by changes in pH of the sweat and it
may therefore be thought that deodoration by ion exchangers is helped by
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their action keeping pH normal. But from the above consideration with regard
to the antiseptic action, it seems certain that this mechanism is of little sig-
nificance.
(4) From the above account, it may be concluded that the deodorant effect
of the ion exchangers results almost exclusively from adsorption of odoriferous
substances onto the ion exchangers.
SUMMARY
1. The lower fatty acids were adsorbed and deodorized by anion exchange
resins. Ammonia was adsorbed and deodorized with cation exchange resins, and
indole by cation or anion exchangers.
2. Odor of feces was removed by anion exchangers, but more completely by
mixtures of cation and anion exchangers.
Odor from the secretions of the axillae was adsorbed well by any exchangers,
but here too, the mixtures of cation and anion exchangers were more powerful.
3. Powders and oily or liquid preparations containing mixtures of cation and
anion exchangers, when applied to osmidrotic subjects, showed good deodorizing
power.
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